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1 Introduction

Since RAN#53 meeting, a new work item “HSDPA multiflow data transmission” was approved [1] and four scenarios of MF were agreed to be supported at least for non-MIMO in [2]. In the previous meeting [3], some agreements related to the dynamic control and CPC in MF-HSDPA have been achieved:

· (De-)activation of multiflow operation is controlled by the network; the UE does not autonomously (de-) activate multiflow operation.
· RRC signalling is used to configure multiflow operation.

Some further considerations on downlink for introducing MF operation are still remained to be investigated. In this contribution, we will further discuss some remaining issues including activating/deactivating MF operation and the activation/deactivation of DTX/DRX in MF-HSDPA.
2 Procedure of (de-)activation for MF operation
Though Multi-flow operation is of great benefit to the edge UEs, not all scenarios are optimal to perform MF operation. For example，in the case where the MF capable UE moves from cell-edge to cell-center, if the UE still performs MF operation to receive secondary flow from the assisting cell, the second flow condition is probably too bad and results in too many retransmissions. Therefore, we see a need to achieve dynamic control for MF operation. So far, the discussion has reached an agreement that activation/deactivation of the MF operation is controlled by the network.
There are still some considerations on dynamic control of MF operation. First is the criterion on which network decides to activate/deactivate MF operation. The criterion is likely diversified, such as signal strength at UE, RoT level, loading situation, scheduling resource allocation and so on. Another problem we should concern is the procedure of dynamically activating/deactivating MF operation.
[4] has discussed the procedure of activating/deactivating of MF operation handled by NodeB. Since we have investigated the feasibility and necessity of using HS-SCCH orders for (de-)activating MF operation in intra-NodeB and inter-NodeB case and concluded that using HS-SCCH orders for (de-) activating MF operation in both intra-NodeB and inter-NodeB case is not feasible and not necessary [6], we will next further discuss the specific procedure of the dynamic control for MF operation.
2.1
(De-)activation condition for MF operation

Considering that UEs know the condition better of themselves, it seems desirable that UEs report the measurement results to RNC. And the final decision on whether to (de-)activate MF operation for UE will be made by the network, which was already agreed in the last RAN1 meeting. Namely, UEs report the measurement results to the RNC, while the assisting cell indicates the RNC whether it is desirable to activate the MF operation. It’s up to the RNC to inform whether to activate or deactivate the MF operation. As depicted in figure 1, if the measure condition at UE side satisfies:
Pilot_EC/I0 of the assisting cell > Pilot_EC/I0 of the assisted cell – Activate_MF_ threshold
for a period of ∆T1, the UE enters the MF area where the MF operation is available and UE can report the measurement results to RNC. The parameter Activate_MF_threshold is a threshold of EC/I0 between the assisted and the assisting cell to activate MF operation. Further, after RNC receives the measurement results from the UE, it will inform the assisting cell, while the assisting cell may consider other aspects, such as the existing load, the RoT level and etc. Then assisting cell will decide whether to activate MF operation for the UE or not. For example, if the assisting cell has been already heavily loaded or is already masked with relatively high RoT level, it would be actually unreasonable to activate MF operation from the assisting cell. Otherwise, MF operation would be desired to be activated. Then the (de-)activation decision will be sent from assisting cell to RNC through which the final decision is transmitted to the specific UE.
On the other hand, if the measure condition satisfies:
Pilot_EC/I0 of the assisting cell < Pilot_EC/I0 of the assisted cell – De-activate_MF_ threshold
for a period of ∆T2, the UE moves out of the MF area where UE can send the measurement results to RNC. The parameter De-activate_MF_threshold is a threshold of EC/I0 between the assisted and the assisting cell to deactivate the MF operation. Further, after RNC receives the measurement results from the UE, it will inform the assisting cell, Network will de-activate the MF operation for this UE.
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Figure 1: Operation for activation / deactivation of MF
We use typically CPICH EC/I0 as the measurement quantity, which is signalled to RNC by using Layer 3 signalling. The specific parameters Activate_MF_threshold and De-activate_MF_threshold should be defined further.
Proposal 1: The criterion to make the decision of activating / deactivating MF operation should consider the pilot signal strength at UE, RoT level, loading situation at the assisting cell and etc. Other conditions should be studied further.
2.2
(De-) activation procedure for MF operation

There has been an agreement that RRC signaling is used to configure multiflow operation in [4]. We will further describe the activation/deactivation procedure respectively as follows.
Activation of MF-Tx
The specific procedure of activating MF operation of Inter-NodeB is described in figure 2. When a MF-capable UE moves into the MF area shown in Figure 1, for example when UE moves in the SHO area, the UE would send the measurement results to the RNC. After RNC receives the UE’s report, RNC will further inform the assisting NodeB which considers the comprehensive factors including the loading condition, the RoT level and etc. Namely, the assisting NodeB will make the final decision whether it is desirable to activate MF operation and send the decision to RNC. If the assisting NodeB decides to activate the MF operation and feedback to RNC, the RNC will inform the assisted NodeB of the activation decision by NBAP signaling. Meanwhile, the RNC sends the activation indication to the UE via RRC signaling. The specific procedure of activating MF operation in Intra-NodeB case is described in figure 3. The difference with the Inter-NodeB case is that the information exchange between the assisting and the assisted cell is without going through RNC.

[image: image2.emf]RNC

NodeB1

Assisted NodeB

NodeB2

Assisting NodeB

UE

Report the 

measurement 

to RNC

Send activation 

indication via 

RRC signaling

Inform assisted NodeB of 

activation indication via 

NBAP signalling

Inform assisting NodeB of 

activation request via 

NBAP signalling

Feedback 

the 

activation 

indication

2

1

3

4

4


Figure 2: Activation procedure of MF operation, Inter-NodeB case
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Figure 3: Activation procedure of MF operation, Intra-NodeB case
Deactivation of MF-Tx
The specific procedure of deactivating MF operation is described in figure 4~figure 7. As depicted in figure 4 and figure 5, the deactivation operation is triggered by the UE, while in figure 6 and figure 7, the assisting cell can also trigger the deactivation operation in case of no additional resource left. When a MF-capable UE moves out of the MF area shown in Figure 1, for example when UE moves out of the SHO area, the UE would report the measurement to the RNC. After RNC receives the UE’s report, in case of Inter-NodeB, RNC will inform both the assisted NodeB and the assisting NodeB of the deactivation indication by NBAP signaling. Meanwhile, the RNC sends the deactivation indication to the UE via RRC signaling. In case of Intra-NodeB, when RNC receives the UE’s report of moving out of the MF area, RNC will inform the assisting cell and UE, for the one NodeB the two cells belong, no need to inform two cells by RNC. 
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Figure 4: Deactivation procedure of MF-Tx operation, Inter-NodeB case, UE triggered
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Figure 5: Deactivation procedure of MF-Tx operation, Intra-NodeB case, UE triggered
When the RoT level at the assisting cell/ NodeB becomes intolerable or the loading condition at the assisting cell/ NodeB becomes heavy leading to the inadequate resource left, the assisting cell/NodeB can also trigger the deactivation operation (figure 6, 7). After RNC receives the assisting NodeB’s request, in case of Inter-NodeB, RNC will inform both the assisted NodeB and the assisting NodeB of the deactivation indication by NBAP signaling. Meanwhile, the RNC sends the deactivation indication to the UE via RRC signaling. In case of Intra-NodeB, when RNC receives the assisting cell’s request, RNC will inform the NodeB and UE of the deactivation indication.
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Figure 6: Deactivation procedure of MF-Tx operation, Inter-NodeB case, NodeB triggered
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Figure 7: Deactivation procedure of MF-Tx operation, Intra-NodeB case, NodeB triggered
Proposal 2: The activation / deactivation of MF operation should be controlled by RNC with RRC / NBAP signaling at UE / NodeB side respectively.
3 (De-)activation of DTX/DRX in MF operation
CPC (Continuous Packet Connectivity) comprises a bundle of features that aim to optimize the support of packet data users in a HSPA+ network. DTX can reduce UL interference and DRX can reduce UE power consumption. Since MF operation refers to two different cells, it is beneficial to apply a common DTX/DRX state for the involved cells. Since [4] has done some preliminary discussions about the dynamically control of DTX/DRX, it is necessary to discuss the (de-) activation of DTX/DRX in different situations further. 
Intra-NodeB case
In this case, the NodeB is aware of the DTX/DRX status for both the assisted and the assisting cells.  The (de-)activation procedure of DTX/DRX is depicted is figure 8. In figure 8, two cases have been illustrated. When the NodeB wants to (de-)activate DTX/DRX for UE, it will send the (de-)activation order to UE from the assisted cell. There is no need for UE to receive two (de-) activation orders from both the assisted cell and the assisting cell. Therefore, the proposal that the (de-)activation indicator of DTX/DRX is only sent from the assisted cell to UE is preferred. 
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Figure 8: (De-)activation procedure of DTX/DRX in MF operation, Intra-NodeB case
Inter-NodeB case
In the case of inter-NodeB, if the assisting/assisted NodeB wants to (de-)activate DTX/DRX for UE, the assisted/assisting NodeB will not know this unless informed by the RNC. Therefore, it is necessary to introduce new signaling between NodeB and RNC to indicate the change of DTX/DRX status. As shown in Figure 9, case 1 is the assisted NodeB wants to (de-)activate DTX/DRX and case 2 is the assisting NodeB wants to (de-)activate DTX/DRX for the UE. When the assisted/assisting NodeB wants to (de-)activate DTX/DRX for certain UE, it will first inform the assisting/assisted NodeB by RNC and then send the (de-)activation order to UE. There is also no need for UE to receive two (de-)activation orders from both the assisted NodeB and the assisting NodeB. Therefore, the proposal that the (de-) activation indicator of DTX/DRX is only sent from assisted NodeB to UE is preferred.
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Figure9: (De)activation procedure of DTX/DRX in MF operation, Inter-NodeB case
Proposal 3: In the case of either Intra-NodeB or inter-NodeB, the DTX status is common among the assisted and the assisting cells. 
Proposal 4: In the case of either Intra-NodeB or inter-NodeB, the DRX status is common among the assisted and the assisting cells. 
Proposal 5: In the case of either Intra-NodeB or inter-NodeB, the DTX/DRX (de-)activation indicator is only sent from assisted cell to UE. 
4 Conclusions
In this contribution, we have discussed dynamic control of MF operation and the activation/deactivation of DTX/DRX in MF-Tx mode. We have the following proposals:
Proposal 1: The criterion to make the decision of activating / deactivating MF operation should consider the pilot signal strength at UE, RoT level, loading situation at the assisting cell and etc. Other conditions should be studied further.
Proposal 2: The activation / deactivation of MF operation should be controlled by RNC with RRC / NBAP signaling at UE / NodeB side respectively.
Proposal 3: In the case of either Intra-NodeB or inter-NodeB, the DTX status is common among the assisted and the assisting cells.
Proposal 4: In the case of either Intra-NodeB or inter-NodeB, the DRX status is common among the assisted and the assisting cells.
Proposal 5: In the case of either Intra-NodeB or inter-NodeB, the DTX/DRX (de-)activation indicator is only sent from assisted cell to UE.
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